Background: The purpose of this study was estimation of the cumulative incidence and lifetime prevalence of urolithiasis in Korea. Methods: We used a National Health Insurance Service (NHIS) sample cohort dataset that included approximately 1 million individuals from Korea. Data from January 2002 to December 2013 were collected. We calculated the annual prevalence, recurrence rate, and estimate lifetime prevalence of urolithiasis. Multivariate logistic regression analysis was used to identify risk factors associated with urolithiasis. Results: There were 57,921 diagnosed urolithiasis cases in the NHIS database over the 11 years studied. The annual incidence of urolithiasis increased every year (Poisson regression; hazard ratio, 1.025; P < 0.001). Of the patients with urolithiasis, 21.3% experienced disease recurrence within 5 years. The 11-year cumulative incidence was 5.71%, and the incidence in men was higher than that seen in women (7.07% vs. 4.34%, respectively). The 11-year cumulative incidence in the 60-to 69-year-old group (9.08%) was higher than that seen in any other age group. The overall standardized lifetime prevalence rate was estimated to be 11.5%: 12.9% in men and 9.8% in women. Meanwhile, age (> 60 years), income level, diabetes, body mass index, hypertension, and cancer history were identified as contributing factors to urolithiasis. Conclusion: This study demonstrates that the annual incidence of urolithiasis in Korea is increasing. The overall standardized lifetime prevalence rate was higher than that reported in a previous report. This study is significant in that it is the first retrospective cohort study to estimate the lifetime prevalence of urolithiasis using a large national retrospective cohort.
INTRODUCTION
Urinary tract stone disease is one of the most prevalent diseases encountered in the practice of urology. The lifetime prevalence of urolithiasis is estimated to range from 5%-12% in Europe and the United States, and affects 13% of males and 7% of females in the population. 1,2 In Asian countries, there have been limited epidemiological studies regarding urolithiasis. Yasui et al. 3 reported that the annual incidence of a first-episode upper urinary tract stone in Japan was 134.0 per 100,000 population, an incidence lower than that reported in western countries. In Korea, Kim et al. 4 presented the first systematically assessed epidemiologic survey regarding the incidence of urolithiasis in Korea and found that 6.0% of Korean men and 1.8% of Korean women could be expected to experience urinary stone disease during their lifetime. Previous studies have shown a trend toward an increasing prevalence and incidence of urolithiasis in Korea. However, previous studies have had a limited geographic distribution of the population studied and a dependency on the patients' subjective memory regarding a history of urolithiasis.
To overcome these limitations, we designed a large retrospective national cohort study. The National Health Insurance Service (NHIS) dataset covers the claims of 100% of the Korean population. Accordingly, the NHIS database contains information on almost all insurance claims, including prescribed medications and procedures, of the Korean population of approximately 50 million. 5 The NHIS database contains not only individual beneficiary information, but also healthcare service information such as diagnosis, procedures, prescriptions, and diagnostic tests. Because of its tremendous size, researchers have had difficulty in accessing the database to conduct research. 6 Since 2013, the Korean NHIS has released a large-scale standardized patient data set called the NHIS sample cohort dataset. The NHIS sample cohort dataset includes medical records from approximately 1,000,000 standardized patients who were selected from the entire Korean population. In this study, we aimed to use the NHIS dataset to calculate the cumulative incidence and lifetime prevalence of urolithiasis and to evaluate risk factors for urolithiasis.
METHODS

Study population selection and design
We used a sample cohort dataset provided by the NHIS. 7 These data corresponded to approximately 1 million individuals selected randomly from nearly the entire Korean population, totaling 45 million people, with national claims data for the period from January 1, 2002 to December 31, 2013. The included variables were gender, 10-year age group, socioeconomic status (SES) (subjects divided into 3 categories based on income), diagnosis code, surgery code, drug prescription data (drug name, dosage, and date of prescription), and billing code.
Disease diagnoses held in the database are coded based on the International Codes of Disease 10th Edition Clinical Modification (ICD-10-CM). We searched the NHIS national database to identify patients who had a primary diagnosis of ureteral stone, renal stone, bladder stone, or concomitant ureteral stone with renal stone. Patients were stratified according to gender, age, and region sector.
The sample cohort dataset included age, sex, and diagnosis-based ICD-10 codes. To investigate the incidence of upper tract urolithiasis, patients who were diagnosed as "N20.0" (renal stone), "N20.1, N20.9, N22.0, N22.8, N23, N13.2" (ureter stone), "N20.2, N13.2" (renal stone with ureteral stone), and "N21.0, N21.1, N21.8, N21.9" (lower urinary tract stone) were included. To discount patients on going treatment, we exclude patients who were diagnosed with urolithiasis in 2002 who had received related treatment in this period.
Definition
The definition of annual prevalence was the proportion of the population diagnosed with urolithiasis in one year. It was expressed as a percentage of the population and can be described by the following formula:
We defined lifetime prevalence as the proportion of the population that, up to the time of assessment, had experienced urolithiasis at some point in their life. The recurrence rate was assessed by calculating the subjects' annual recurrence rate after the initial stone event. We defined recurrence by requiring that the interval between the two urolithiasis episodes was ≥ 180 days. If the interval between a subsequent stone event and the initial diagnosis was < 180 days, the subsequent stone event was arbitrarily defined as residual urolithiasis rather than a recurrence.
Lifetime prevalence and recurrence rate calculations
In the NHIS sample cohort dataset, the first occurrence of urolithiasis in a defined period of time is organized into gender and ten-year age groups (0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80+ years). The incidence rate of urolithiasis in age group k is denoted by P k , k = 1, 2, ..., and 9 for 0-9, 10-19, …, and 80+ years, respectively. We defined the relationship between the incidence of the first attack and the incidence rate during the study period as follows: where P k is the incidence proportion in age group k, I k is the incidence of a first attack in age group k, S(k, i) is the survival proportion from age group i to age group k, and R(k, i) is the recurrence proportion in age group k after the last occurrence in age group i.
To calculate the incidence of a first attack in an age group, we used the survival proportion of the lifetime table in 2010 from the Korea National Statistics Organization:
where N k is number of persons in age group k in the lifetime table; and we assumed that the urolithiasis recurrence risk was similar at each time. The recurrence rate of urolithiasis at a particular point was calculated as follows:
where λ is recurrence risk of urolithiasis. The recurrence proportion in an age group k after a last occurrence in age group i, R(k, i) was calculated as: 
Lifetime Prevalence of Urolithiasis in Korea
Annual incidence (%) = Number of urolithiasis patients that occurred in a given period (one year) Number of people in the study sample during this period
by assuming that the age groups have the same recurrence rate and recurrences between the different age groups are independent.
We estimated the lifetime risk (lifetime prevalence) of having urolithiasis using the sum of the age-specific incidence of a first attack weighted by the person number of the age group in a cohort of 100,000 individuals at age 0. 8 The lifetime risk (lifetime prevalence) was calculated as:
Statistical analysis
Statistical analysis was conducted using SAS, version 9.2 (SAS Institute, Inc., Cary, NC, USA). Logistic regression analysis was used for analyzing risk factors for urolithiasis. Statistical significance was considered at a 2-tailed P of ≤ 0.05.
Ethics statement
To protect the patients' information and identity, all patients received an anonymous identification code in the NHIS sample data. The authors could not identify any patients included in the sample data. Therefore, our study did not require the approval of the Institutional Review Board, in accordance with the guidelines of the Institutional Review Board of Seoul National University Hospital.
RESULTS
Incidence of urolithiasis
The age and gender distribution of the study subjects and lifetime table from 2010 are shown in Supplementary Tables 1 and 2 . In total, there were 57,933 diagnosed urolithiasis cases in the NHIS-National Sample Cohort data for the 11 years studied. The annual incidence of urolithiasis increased every year (Poisson regression; hazard ratio [HR], 1.025; P < 0.001) (Fig. 1) . The risk of urolithiasis in men was greater than that seen in women (Poisson regression; HR, 1.627; P < 0.001).
The 11-year cumulative incidence was 5.71%, and the incidence was higher in men than that seen in women (7.07% vs. 4.34%, respectively) ( Table 1 ). The 11-year cumulative incidence in the 60-to 69-year-old age group was higher than that seen in any other age group (9.08%). The 11-year cumulative incidence increased as each gender aged and peaked in the 60-to 69-year-old age group. The cumulative incidence decreased after age 70 years.
Lifetime urolithiasis prevalence and recurrence rate
We followed 23,809 urolithiasis patients who were initially diagnosed during the 5-year period from 2003 to 2008. Of these patients, 5,068 patients experienced a recurrence, and the 5-year recurrence rate was 21.3%. Assuming that the risk of recurrence is the same at each point, the recurrence risk (λ) was calculated according to the formula: The recurrence rate within 10 years was estimated to be 38.1%. × N k /100,000
The estimated 10-year cumulative incidence, according to the above formula, of a firstepisode of urolithiasis is shown in Table 2 . Calibrated after adjustment for life expectancy, the overall standardized lifetime prevalence rate can be estimated to be 11.5%: 12.9% in men and 9.8% in women ( Table 2) .
Risk factors for urolithiasis
Logistic regression was used to assess risk factors for urolithiasis ( Table 3) . Female gender was related with a significantly low risk for urolithiasis (odds ratio [OR], 0.693; 95% confidence interval [CI], 0.65-0.739, P < 0.001). Age > 60 years and body mass index (BMI) were found to be risk factors for urolithiasis. A history of hypertension, cancer, and diabetes were associated with a risk for urolithiasis, but cerebrovascular diseases were not. Interestingly, frequent alcohol consumption (> 3 times weekly) was associated with a lower risk of urolithiasis (OR, 0.824; 95% CI, 0.747-0.909; P = 0.001). In addition, a high SES level was identified as a contributing factor to urolithiasis. 
DISCUSSION
Urolithiasis is a common and significant health problem that appears to be increasing in frequency in recent decades in both men and women. Previous studies have shown that the prevalence of urolithiasis varies greatly with patient age, gender, race, and geographic region. 9-12 And the annual incidence of urolithiasis has been reported to range from 0.5% to 1.5% in western countries. 13, 14 The prevalence of urolithiasis has been reported to be 4.7% to 8.8% in western countries. Many other studies have demonstrated a yearly increase in the prevalence of urolithiasis. 9, 15 However, previous studies have been limited by their local areas and a dependency on the patients' subjective memory regarding the urolithiasis episode. To overcome these limitations, Bae et al. 16 recently conducted a study with a larger national sample size and estimated that the annual incidence of upper tract urolithiasis was 457 cases per 100,000 population. However, that study did not evaluate patient follow-up or recurrence. Our study is the first retrospective cohort study to estimate the lifetime prevalence of urolithiasis using a large national sample. Our sample size was over 1,000,000, and patient data was collected in a standardized manner. The sample size was sufficient to represent the national incidence of urolithiasis. 7 Moreover, the diagnosis of urolithiasis was made by a clinician and was not based on patient recall. Typically, X-ray, intravenous pyelogram (IVP), and non-enhanced computed tomography (CT) imaging studies are covered by insurance, and all physicians must provide evidence documenting the presence of a stone, such as imaging study results, to the NHIS.
It was difficult to estimate the lifetime prevalence of urolithiasis because we could not determine the number of subjects who had an episode of urolithiasis prior to the study period. However, we were able to calculate the recurrence rate from this retrospective cohort data. We were able to estimate the risk of recurrence based on the assumption that the recurrence risk is similar at each time point. In our study, we were able to calculate the overall 5-year recurrence rate from the NHIS sample cohort dataset. The overall 10-year recurrence rate was estimated to be 38.1%, lower than that of a previous study from Taiwan. 17 While few studies have provided reliable information on the recurrence rate, a previous case series indicated that stones form in 30% to 40% of untreated patients within 5 years after the initial episode. 18 Our study revealed that the lifetime prevalence was higher than that reported in previous studies. Kim et al. 4 conducted a retrospective study in 2002 and found that 6.0% of Korean men and 1.8% of Korean women could expect to experience urinary stone disease during their lifetimes. In 1990, Yoshida and Okada 19 reported that 5.4% of the Japanese population could expected to develop at least one urinary calculus in their lifetime.
There are several possible explanations for the increased frequency of urolithiasis in Korea. First, the increasing use and sensitivity of radiological studies may partly explain the increased prevalence of urolithiasis. 15,20 Unenhanced CT scanning is increasingly used for the evaluation of urolithiasis and is preferred because of its speed, high sensitivity, and accuracy for detecting renal and ureteral stones, as well as its ability to diagnose alternative pathologies. 21 Conventional CT scanning has been reported to have a sensitivity and specificity of up to 98%-100% for ureteral stones. The increased use of non-enhanced CT scanning for the diagnosis of urinary stones may be contributing to an increase in the detection of urinary stones. Second, differences in the lifestyle of the Korean population may be contributing to the increased prevalence of urolithiasis. Several previous studies have shown that metabolic syndrome, lifestyle, and dietary factors are associated with urolithiasis. 22- 24 Semins et al. 25 evaluated data from a national private insurance database from 2002-2006 to identify over 95,000 subjects diagnosed with kidney stones. Of those patients, over 33,000 had a BMI > 30. Moreover, Taylor et al. 26 reported a relative risk of urolithiasis of 1.67 in young diabetic women, 1.38 in older diabetic women, and 1.31 in diabetic men. Kim et al. 24 also demonstrated that high blood pressure was significantly related to the presence of nephrolithiasis in Korea. Another previous study found that the prevalence rate of metabolic syndrome increased from 24.9% in 1998 to 31.3% in 2007 in Korea. The authors suggested that this increase was likely due to an increase in Western dietary habits and a decreased level of physical activity. 27, 28 In our study, the association of these factors (diabetes, BMI, and hypertension) was confirmed, and an increase in the prevalence of these diseases may be contributing to an increase in the incidence of urolithiasis in Korea.
Interestingly, habitual alcohol consumption was associated with a decreased risk of urolithiasis in this study. This may be because alcohol intake dilutes stone-forming metabolites in the blood and urine, and the diuretic effect of alcohol increases the frequency of voiding, thus decreasing the risk of urolithiasis. A similar decreased risk of urolithiasis with alcohol intake has been reported in a previous meta-analysis. 29 However, the consumption of alcohol is also related to severe oxidative stress in renal tissues, hypercalciuria, and hyperoxaluria, all of which could contribute to urinary stone formation. 30,31 Therefore, the advisability of alcohol consumption for current urinary stone patients or as a prophylaxis for urolithiasis remains unclear.
Saint-Elie et al. 32 suggested that SES impacts dietary habits and that this may strongly influence stone formation and recurrence. The authors found that higher dietary intakes, with the exception of total fat, were observed in those with a lower SES. Urolithiasis patients with a higher SES consumed less dietary constituents than did their lower SES counterparts. However, our study results are contrary to those of this previous study. We suspect that our findings may be related to a higher consumption of animal protein in Koreans with a higher SES. Kim et al. 24 studied the relationship between dietary habits and urolithiasis in Korea and reported that the increased incidence of urinary stones can be attributed to a rapid change in the nutritional environment in Korea. The incidence of urolithiasis has consistently increased as the intake of animal protein and milk has increased. Another possible explanation is that higher SES individuals have easier access to accurate and high-quality health care services, but further study of this possibility is needed.
In this study, advanced age (age > 60 years) was revealed to be a risk factor for urolithiasis in multivariate analysis. Similar to our results, Bae et al. 16 recently reported that the incidence of urolithiasis was the highest in the 60-69 years old age group in Korea. This is thought to be due to the increased morbidity of accompanying diseases with increasing age; these comorbidities are thought to increase the incidence of urinary stones.
Our study had several limitations. Patients with asymptomatic urolithiasis who did not visit the hospital or clinic were not included in this study. Also, asymptomatic patients with urolithiasis who were followed up at 6-month or 1-year intervals were potentially defined as having recurrence in this study. To reduce this possibility, we excluded all patients diagnosed with urolithiasis in 2002 in our retrospective cohort. Nevertheless, this still is a possible limitation of our study.
In addition, there were differences between the diagnostic methods of each physician, and therefore urolithiasis may have been underestimated by physicians who were not as familiar with urolithiasis. Also, this study did not include the characteristics of urolithiasis such as size, history of previous treatment, stone composition, and patient treatment outcomes. In addition, we could not determine if the first diagnosis of urolithiasis in this cohort study was the first episode in the subject's life. Therefore, we calculated the recurrence rate based on the number of first diagnosis patients in each cohort within each age group. Based on this method, we were able to estimate the incidence of a first attack of urolithiasis. However, the incidence of a first attack was nearly 0% in women > 80 years old because of the relatively low incidence of urolithiasis and the smaller number of subjects. To overcome this limitation, a study with a larger number of women > 80 years old is needed. However, the authors believe that this limitation had little impact on the remainder of our results.
